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© Apparatus for optically scanning a radiation-reflecting information plane. 



© An apparatus is described for optically scanning 
an information plane (2) in which a radiation beam 
(b) emitted by a diode laser (4) is focused by a lens 
system (6) on the information plane and the radiation 
reflected by this plane is focused, via a composite 
diffraction grating (9), into two radiation spots (Vi, 
V2) each cooperating with a separate detector pair 
(18, 19; 20. 21). The separating strips (22, 23) of the 
detector pairs are parallel, thus providing fairly wide 
^tolerances in the positions of the elements (9, 20) 
Awhile the apparatus is satisfactorily corrected for 
^ wavelength variations of the radiation beam (b). 
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Apparatus for optically scanning a radiation-reflecting Information plane. 



The invention relates to an apparatus for opti- 
cally scanning a radiation-reflecting information 
plane, which apparatus comprises a diode laser 
supplying a scanning beam, an objective system 
for focusing the scanning beam to a scanning spot 
in the information plane and for re-imaging the 
scanning spot on a composite radiation-sensitive 
detection system, and a composite diffraction ele- 
ment arranged in the radiation path between the 
diode laser and the objective system for deflecting 
a part oi the radiation beam reflected by the in- 
formation plane towards the radiation-sensitive de- 
tection system and for splitting the diffracted beam 
into a plurality of sub-beams constituting a cor- 
responding plurality of radiation spots on a cor- 
responding plurality of detector pairs of the com- 
posite detection system, the separating strips be- 
tween two detectors associated with one detector 
pair having such an orientation that displacements 
of the re-imaged radiation spots resulting from 
wavelength variations of the scanning beam do not 
have any influence on the detector signals. 

An apparatus of this type, which is in principle 
suitable for reading information recorded in an op- 
tical record carrier and for optically inscribing such 
a record carrier is known from United States Patent 
No. 4,665,310. In this apparatus the composite 
diffraction element, in the form of a diffraction 
grating, fulfils two functions for which otherwise two 
separate elements must be used. In the first place 
the grating ensures that the radiation reflected by 
the information plane and passing through the ob- 
jective system is diffracted from the path of the 
radiation emitted by the diode laser so that a 
detection system can be placed in the path of the 
reflected radiation. In the second place the grating 
splits the reflected beam into two sub-beams which 
are required for generating a focusing error signal, 
i.e. a signal comprising information about the mag- 
nitude and the direction of a deviation between the 
focusing plane of the objective system and the 
information plane. A separate detector pair is asso- 
ciated with each sub-beam, the difference between 
the output signals of the detectors associated with 
the same pair being a measure for the degree of 
focusing of the scanning beam on the information 
plane. 

In the said record carrier the information is 
arranged in accordance with information tracks. If 
the bounding line between the two sub-gratings is 
parallel to the track direction, a signal comprising 
information about the magnitude and direction of a 
deviation between the centre of the scanning spot 
and the centre line of the iniormation track to be 
scanned can be obtained by determining the sum 



of the output signals of each detector pair and by 
subtracting these sum signals from each other. 

To realise the desired beam splitting, the dif- 
fraction grating of the apparatus according to Unit- 

5 ed States Patent No. 4,665,310 comprises two sub- 
gratings having the same grating period, while the 
grating strips of the first sub-grating extend at a 
first angle and the grating strips of the second sub- 
grating extend at a second angle, which is equal 

w but opposite to the first angle, to the bounding line 
of the two sub-gratings. Since a diffraction grating 
diffracts an incident beam in a plane transversely 
of the direction of the grating lines, the beam 
portion incident on one of the sub-gratings will get 

is a different direction than the beam portion incident 
on the second sub-grating 

As described in United States Patent No. 
4,665,310 the grating design described in this doc- 
ument is based on a previously proposed compos- 

20 ite diffraction grating. The latter grating comprises 
two sub-gratings in which the grating strips of the 
one sub-grating have the same direction as those 
of the other sub-grating, but in which the grating 
periods of the two sub-gratings are different Since 

25 the angle at which an incident beam is diffracted 
by a grating depends on the grating period, the 
beam portion incident on one of the sub-gratings is 
diffracted at a different angle than the beam portion 
incident on the other sub-grating. 

30 Satisfactory experience has been gained with 

scanning apparatuses comprising these gratings. 
However, it has been found that when using a 
grating a deviation in the generated focusing error 
signal may occur due to a variation in the 

35 wavelength of the scanning beam. It is true that this 
deviation can remain within the range of tolerance 
laid down for the focusing error signal, but it leaves 
only little room for possible other deviations. The 
last-mentioned deviations may occur, for example, 

40 due to assembly errors, movements of the optical 
components with respect to one another or offsets 
in the electronic processing circuit. 

As is known, the wavelength X of the radiation 
beams emitted by diode lasers, which are often 

45 used in practice, may vary, for example due to 
temperature variations. Furthermore, the 
wavelengths of individual diode lasers, which have 
been manufactured at different instants while using 
the same process, may be mutually different. A 

so wavelength variation of the scanning beam results 
in a change of the angles at which the sub-beams 
are diffracted by the sub-gratings, resulting in a 
change of the positions of the radiation spots on 
the detector pairs. 

To prevent these changes in position from af- 
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fecting the generated focusing error signal, it has 
been proposed to arrange the separating strips of 
each detector pair in such a way that the displace- 
ment of the radiation spots due to the wavelength 
variations occurs along these separating strips. 

In the apparatus described in United States 
Patent No. 4,665,310 these strips are effective, that 
is to say when projected on the composite grating, 
transverse to the grating lines of the associated 
gratings. If the detector pairs are located on one 
side of the optical axis of the objective system and 
in one plane which is perpendicular to this optical 
axis and coincides with or is parallel to the 
radiation-emitting surface of the diode laser, the 
separating strips will extend at equally large but 
opposite angles ( + *, 

to the line which connects the centre of the two 
detector pairs to the centre of the radiation-emitting 
surface of the diode laser. Such a measure can 
also be taken in an apparatus comprising a diffrac- 
tion grating whose sub-gratings have different grat- 
ing periods, while the directions of the grating 
strips of the two sub-gratings are equal. 

When using the composite detector with ob- 
lique separating strips, the distance, measured 
along the said bounding line, between the centre of 
the two detector pairs and the centre of the 
radiation-emitting surface of the diode laser must 
be adjusted very accurately. 

It is an object of the present invention to pro- 
vide an apparatus of the type described in the 
opening paragraph which is corrected for 
wavelength variations and which provides wider 
tolerances for the positions and parameters of the 
optical elements, as compared with other ap- 
paratuses. 

The apparatus according to the invention is 
characterized in that the separating strips of the 
detector pairs are in principle parallel to a line 
which connects the centre of the radiation-emitting 
surface of the diode laser to the centre of the 
composite radiation-sensitive detection system. 

The present invention is based on a novel 
design concept for the said scanning apparatus. 
Hitherto, an end configuration relating to the posi- 
tions and the parameters of the elements of the 
apparatus, with the exception of the composite 
detector, was chosen and a composite detector 
was then designed with such a geometry, notably 
such an angle ¥ of the separating strips, that the 
apparatus was corrected for wavelength variations. 
The apparatus according to the present invention is 
designed by firstly designing a composite detector 
with a given geometry, starting from a rough set-up 
of the apparatus, which detector is optimized for 
wavelength variations and position tolerance. Sub- 
sequently the design of the apparatus is finished, 
using the wider tolerances provided by the com- 



posite detector for the other parameters, notably 
the position of various optical elements. 

The invention can be used in scanning ap- 
paratuses in which the diffraction element is con- 
5 stituted by a grating comprising a plurality of sub- 
gratings. 

The sub-gratings may have straight grating 
strips and a constant grating period. 

Preferably, the apparatus is, however, further 
10 characterized in that the sub-gratings have a vary- 
ing grating period and in that the grating strips are 
curved. 

When using a diffraction grating having a vary- 
ing grating period, less stringent requirements 

75 need to be imposed on the accuracy of positioning 
the diode laser relative to the detectors in the form 
of photodiodes, which is particularly important if the 
height of the apparatus measured along the optical 
axis of the objective system must be reduced. 

20 Moreover, when using gratings with curved grating 
strips, it is possible to correct for imaging errors 
such as coma and astigmatism by adapting the 
curvatures of the composite grating, which errors 
may occur when using a diffraction grating with 

25 straight grating strips. 

A preferred embodiment of the apparatus is 
characterized in that the two sub-gratings have the 
same average grating period, while the main direc- 
tions of the grating strips of the first sub-grating 

30 extend at a first angle and those of the grating 
strips of the second sub-grating extend at a sec- 
ond, opposite angle to the bounding line of two 
sub-gratings, and in that the detector pairs are 
juxtaposed in a direction transversely of the direc- 

35 tion of the said bounding line. 

A second embodiment of an apparatus, in 
which the composite grating comprises two sub- 
gratings, is characterized in that the grating strips 
of the one sub-grating have the same main direc- 

40 tion as those of the other sub-grating, in that the 
average grating periods of the sub-gratings are 
different, in that the detector pairs are juxtaposed 
in a direction parallel to the bounding line between 
the sub-gratings and in that the separating strips of 

45 the detector pairs are located on the said connec- 
tion line. 

This embodiment is not complete, but to a 
great extent, corrected for variations in the 
wavelength of the scanning beam, which may be 

so sufficient under circumstances. For a full correc- 
tion, the separating strips of the detector pairs 
must extend at equal but opposite angles of the 
order of 0.1 " to the said connection line. This 
situation is considered to be within the concept that 

55 the separating strips of the detector pairs are in 
principle parallel to the connection line. 

A third embodiment of the apparatus is char- 
acterized in that the main directions of the grating 
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strips of the first sub-grating extend at a first angle 
and those of the gratings strips of the second sub- 
grating extend at a second, opposite angle to the 
bounding line between the sub-gratings, in that the 
average grating periods of the two sub-gratings are 
different and in that the detector pairs occupy 
different positions in a direction which is both par- 
allel and perpendicular to the said bounding line. 

Embodiments of the invention will now be de- 
scribed in greater detail with reference to the ac- 
companying drawings in which 

Hg. 1 shows diagrammatically an embodi- 
ment of a read apparatus comprising a diffraction 
grating, 

Fig. 2 is a perspective diagrammatical view 
of a first embodiment of the detection system ac- 
cording to the invention and the associated diffrac- 
tion grating, 

Figs, 3a and 3b show the variations of the 
radiation spots in a known detection system when 
focusing errors occur, 

Fig. 4 shows the radiation-sensitive detection 
system used in the apparatus according to Fig. 2, 

Fig. 5 is a basic diagram of the apparatus, in 
which the adjustable parameters have been in- 
dicated, 

Fig. 6 shows a second embodiment of the 
detection system and the associated diffraction 
grating, 

Fig. 7 is an alternative to the detection sys- 
tem of Fig. 6, and 

Fig. 8 shows a third embodiment of the 
detection system and the associated diffraction 
grating. 

In Fig. 1 a small portion of an optical record 
carrier 1 with a radiation-reflecting information 
plane 2 is shown in a tangential section. This 
Figure shows one of the tracks 3 located in the 
information plane 2. Such a track comprises in- 
formation areas 3a alternating with intermediate 
areas 3b. The areas 3a may for example be lo- 
cated at a different height than the intermediate 
areas 3b. The information surface is scanned by a 
beam b emitted by a diode laser 4. This beam is 
focused to a small scanning spot V in the informa- 
tion plane by an objective system 6, schematically 
represented by a single lens. The objective system 
may be integrated with a collimator lens, as is 
shown in Fig. 1 . Alternatively, a separate collimator 
lens may be arranged in front of the objective 
system. As the record carrier is rotated about an 
axis 8, which is parallel to the optical axis Of/, a 
track 3 is scanned and the read beam is modulated 
by the information contained in this track. The 
entire information surface is scanned by moving 
the record carrier and the read head, comprising 
the source 4, the objective system 6 and the detec- 
tion system 10, in a radial direction, or X direction 



relative to one another. 

The beam which has been reflected and modu- 
lated by the information surface should be de- 
tected, so that this beam must be separated from 

5 the ongoing beam. Therefore, the apparatus should 
comprise a beam-separating element. 

For reading an information structure with 
minute information details, for example of the order 
of 1 urn, an objective system having a large nu- 

w merical aperture is required. The depth of focus of 
such an objective system is small. Since variations 
in the distance between the information plane 2 
and the objective system 6 may occur which are 
larger than the depth of focus, steps have to be 

75 taken in order to detect these variations and, in 
response thereto, correct the focusing. To this end 
the apparatus may be provided with a beam splitter 
which splits the reflected beam into two sub- 
beams, and with, for example, two detector pairs a 

20 first pair of which cooperates with the first sub- 
beam and the second pair cooperates with the 
second sub-beam. The output signals of the detec- 
tors are processed to form, inter alia, a focus-servo 
signal. 

25 As described in the Article "optische Fokusfeh- 

lerdetektion" in "Neues aus der Technik" No. 6, 
December 15, 1980, page 3, beam separation and 
beam splitting can be effected by means of a 
single element, namely a transparent grating. This 

30 grating splits the beam reflected by the information 
plane 2 and passing through the objective system 
6 into a non-diffracted zero-order sub-beam and a 
plurality of first-order and higher order sub-beams. 
One of these beams, preferably a first-order sub- 

35 beam, is incident on the radiation-sensitive detec- 
tion system 1 0 and is used for generating, inter alia 
a focusing error signal. The grating parameters, 
notably the ratio between the width of the grating 
strips and that of the intermediate grating strips 

40 and the depth and the shape of the grating 
grooves, may be chosen to be such that a maxi- 
mum quantity of radiation reaches the detection 
system. 

Fig. 2 shows in a perspective elevational view a 
45 first embodiment of the radiation-sensitive detec- 
tion system 10 according to the invention and the 
associated grating. The beam b is shown by way of 
its cross-section at the area of the grating 9. This 
grating 9 comprises two sub-gratings 12 and 13 
so separated from each other by the line 11. The 
grating strips of the sub-gratings are denoted by 
the reference numerals 14 and 15, respectively. 
These grating strips are separated by intermediate 
strips 16 and 17. In this embodiment the sub- 
55 gratings have the same grating periods, but the 
main directions of the, preferably curved, grating 
strips 14 of the sub-grating 12 extend at a first 
angle to the bounding line 11, while the main 
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directions of the curved grating strips 15 of the 
second sub-grating 13 extend at a second, prefer- 
ably equally large but opposite angle to the bound- 
ing line. The sub-beams are substantially diffracted 
in a direction transversely of the main directions. 
Since the main directions are different, the sub- 
beams bi and b 2 are diffracted at different angles 
in the XZ plane. This means that in the piane of the 
detectors, the XY plane, the radiation spots Vi and 
v*2 are displaced relative to each other in the X 
direction. In this Figure and in the other Figures the 
references X, Y and Z are the axes of a system of 
coordinates whose origin 0 coincides with the cen- 
tre of the radiation-emitting surface of the diode 
laser 4. 

Radiation -sensitive detectors in the form of 
photodiodes 18, 19 and 20, 21 which are separated 
by narrow strips 22 and 23 are associated with 
each of the sub-beams bi and b 2 , respectively. 
These detectors are positioned in such a way that 
in the case of a correct focusing of the beam b on 
the information plane 2 the intensity distribution of 
the radiation spots Vi and V 2 formed by the sub- 
beams bi and b 2 is symmetrical relative to the 
detectors 18, 19 and 20, 21, respectively. When a 
focusing error occurs, the radiation spots Vi and 
V 2 will become asymmetrically larger, as is shown 
in Figs. 3a and 3b. These Figures show a known 
composite detector, i.e. a detector whose separat- 
ing strips 22 and 23 extend at an angle + * and 
respectively to the connection line CL between the 
point 0 and the centre M of the composite detector 
10, which connection line coincides with the sepa- 
rating strip 24 between the detector pairs 18, 19 
and 20, 21 in Figs. 2 and 3. In Fig. 3a shows the 
situation when the focus of the beam b is in a 
plane in front of the information plane 2, while Fig. 
3b relates to the situation when the focus of the 
beam b is in a plane behind the information plane. 

If the output signals of the detectors 18. 19, 20 
and 21 are represented by Sis. S19. S20 and S21, 
respectively, the focusing error signal S t will be 
given by: 

S( = (Si 8 + Sai) - (Si 9 + S20). 

A signal which is proportional to the information 

being read, or the information signal S ( is given by: 

Sj = Sis + Si 9 + S20 + S21. 

If the bounding line 11 of the two sub-gratings 12 

and 13 is parallel to the direction of a track 3 being 

read, it is also possible to generate a tracking error 

signal S r by means of the detector signals. This 

signal is given by: 

S r « (Si 8 + Si 9) - (Sao + S21). 

The apparatus can be dimensioned such and 
the geometry of the composite grating and the 
wavelength of the scanning beam can be adapted 
to one another in such a manner that the sub- 
beams bi and b2 are focused on the separating 



strips of the photodiode pairs 18, 19, 20 and 21 if 
the plane in which the scanning beam b is focused 
coincides with the information plane 2. Then the 
magnitude of the radiation spots Vi and V 2 is 
5 minimal and the intensity distribution of each spot 
is symmetrical relative to the associated detector 
pair. 

When varying the wavelength of the scanning 
beam, the angles at which the sub-beams are 

10 diffracted by the sub-gratings will vary. This means 
that for each sub-beam the position in which the 
chief ray of this sub-beam is incident on the asso- 
ciated photodiode pair is displaced. To ensure that 
this displacement of the chief ray does not have 

75 any influence on the focusing error signal, it is 
already ensured in the known apparatuses that this 
displacement occurs along the separating strips 22 
and 23 of the detector pairs. In a previously pro- 
posed embodiment separating strips 22 and 23 

20 therefore extend at such an angle +* and to 
the connection line between the points M and O 
that the extensions of the separating strips intersect 
each other at the optical axis 00' as is shown in 
Figs. 3a and 3b. For the sake of clarity the angles 

25 * are exaggerated in these Figures. If the plane of 
the composite detector coincides with the radiation- 
emitting surface (XY) of the diode laser 4, these 
extensions intersect each other at the point 0. 

If the separating strips extend at an angle * to 

30 the connection line CL, the position of the compos- 
ite detector in the Y direction should be adjusted 
accurately. When the distance Y d between the 
points M and O varies the positions of the separat- 
ing strips relative to the radiation spots Vi and V2 

35 also vary so that such a variation will influence the 
focusing error signal. It is true that, when using a 
composite grating 9 with curved grating strips, the 
positions of the radiation spots Vi and V 2 can be 
corrected by displacing this grating but such a 

40 correction can only be carried out to a limited 
extent. 

Moreover, when using a composite detector 10 
with oblique separating strips, stray light, which 
may be produced In the apparatus by, for example, 

46 false reflections, may affect the different detector 
signals in an unequal manner so that the focusing 
error signal being derived is influenced by this 
stray light. Such a beam of stray light will in fact be 
incident on one part, for example the left-hand part 

50 of the composite detector 10, as is illustrated by 
means of the broken-line arc of a circle SL in Fig. 
3a. The portions of the separate detectors located 
within this arc of a circle have different sizes so 
that the stray light contributions to the detector 

55 output signals will be different for the different 
detectors. 

Furthermore, if the separating strip 22, 23 in a 
detector pair 18, 19; 20, 21 varies in such a way 
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that the detectors of this pair have unequal sizes, 
not only a first zero which corresponds to the 
desired focusing may be produced in the curve 
representing the variation of the focusing error sig- 
nal as a function of the focusing error, but also a 
second zero may be produced which does not 
correspond to the desired focusing. Then these is a 
risk that the focus-servo system of the apparatus 
adjusts the focus of the scanning beam above or 
below the information plane 2. 

According to the invention the detector geome- 
try shown in perspective in Fig. 2 and in a plan 
view in Fig. 4 is used. 

In the composite detector 10 of Fig. 4 the 
angle * is equal or substantially equal to zero; in 
other words, the separating strips 22 and 23 are 
parallel to each other and to the separating strip 24 
and the connection line CL A less stringent re- 
quirement is then to be imposed on the distance Y t 
between the points M and O. Moreover, the ap- 
paratus is then less sensitive to a tilt of the com- 
posite detector 10 about the Y axis. 

In Fig. 4 the reference symbol W denotes the 
overall width of the composite detector 10 and S 
denotes the nominal distance between the radiation 
spots Vi and V2 in the plane of the detector 10. 
The nominal distance S is the distance between 
the positions occupied by the radiation spots V1 
and V2 if the scanning beam is sharply focused on 
the information plane 2. The two detector pairs 18. 
19 and 20, 21 can be arranged against each other 
but also at some distance from each other, as is 
shown- in Fig 4 and Fig. 2, respectively. The follow- 
ing considerations play a role in the design of the 
composite detector 10. 

With a view to optimum detector signals, it is 
desirable for the different detectors to have the 
same size. If the detector pairs are arranged 
against each other, this means that W = 2S. The 
values of W and S are the result of a compromise. 
On the one hand, the width of the detector 10 
should be as small as possible in order that a 
minimum possible quantity of stray light will reach 
the composite detector. On the other hand W 
should be as large as possible in order that the 
focusing error detection system has a maximum 
possible capture range. For S It holds that Its value 
should not be too small because interference phe- 
nomena may then occur between the radiations of 
the radiation spots V1 and V 2 . In fact, these spots 
are not punctiform, sharply defined spots but are 
somewhat extended with an intensity decreasing 
from the centre to the exterior. On .the other hand S 
should not be too large because later on, in the 
further design of the apparatus, it may appear that 
such displacements in, for example the X and Y 
directions, of optical elements, for example the 
grating 9, should be carried out so that aberrations 



may occur, resulting in the slope of the focusing 
error signal curve around zero becoming smaller. 

An advantage of the composite detector with 
parallel separating strips may be that this detector 
5 can more easily be made with the required accu- 
racy, particularly with respect to the distance S, as 
compared with a detector having oblique separat- 
ing strips. 

Rg. 5 shows the parameters between which, 

10 with the choice for ¥ = 0 being made, a choice 
can still be made to obtain the desired optimization 
of the apparatus. In this Figure the centre of the 
radiation-emitting surface of the diode laser 4 is 
considered to be located in the origin 0 of the 

15 system of coordinates X Y Z. Y d and Z<j are the 
distances along the Y and Z axes between the 
centre M of the detector 10 and the point 0. In 
principle, these distances can be freely chosen. In 
practice a combination of a diode laser and a 

20 photodlode will mostly be used, which elements 
are mounted on one block so that the choices for 
Y d and Z<* are limited. Preferably by displacing the 
grating 9 along the X and Y axes and rotating it 
about the Z axis it can be ensured that the radi- 

25 ation spots Vi and V 2 occupy the desired positions 
on the composite detector 10. 

Fig. 6 shows a second embodiment of the 
apparatus according to the invention. The main 
directions of the preferably curved grating strips of 

30 the two sub-gratings 12 and 13 now extend at the 
same angles to the bounding line 11, while the 
average grating periods of the two sub-gratings are 
different. Consequently, the angle at which the sub- 
beam D2 is diffracted in the YZ plane is different 

35 from the angle at which bi is diffracted. This 
means that the radiation spots Vi and V 2 are 
displaced relative to each other in the Y direction in 
the plane XY of the detectors. 

As far as its operation is concerned, the ap- 

40 paratus according to Fig. 6 is largely analogous to 
that according to Rg. 2 so that it need not be 
described. If the separating strips 22 and 23 of the 
detector 10 in Rg. 6 are parallel to each other 
= 0), as is proposed in the present invention, the 

45 focusing error signal can be independent of the 
scanning beam wavelength variation to such an 
extent that it is acceptable in practice. If it is 
desired under circumstances to still further reduce 
this dependence, the bounding lines 22 and 23 can 

50 be positioned at a very small angle *i of the order 
of 0.1 * relative to the connection line CL between 
the points M and O, as is shown in Fig. 7. Due to 
the very small value of the angle ¥1 one remains 
within the scope of the present invention. 

55 ft is to be noted that, since the efficiency of a 

diffraction grating, i.e. the quotient of the amount of 
radiation diffracted in the desired direction and the 
total amount of radiation incident on the grating 
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depends inter alia on the grating period, the com- 
posite diffraction grating according to Fig. 2 is 
preferred to that according to Fig. 6 or 7. In fact, 
due to the unequal grating periods of the sub- 
gratings in the least-mentioned gratings, the sub- 
beams may acquire unequal intensities so that an 
offset may be produced in the tracking error signal. 
This type of offset cannot occur in an apparatus 
using the diffraction grating of Fig. 2. 

Fig. 8 shows a third embodiment of the appara- 
tus according to the invention. Again, the grating 9 
comprises two sub-gratings 12 and 13. However, 
both the grating period and the main direction of 
the preferably curved grating strips of the two sub- 
gratings are different. The operation of this grating 
may be assumed to be a combination of that of the 
gratings of Rgs. 2 and 6. Consequently, the sub- 
beam bi is diffracted by the grating of Fig. 8 both 
in the XZ plane and in the YZ plane through a 
different angle than the sub-beam b?. In the plane 
XY of the composite detector 10 the radiation spots 
Vi and V 2 are displaced relative to each other both 
in the X and the Y directions. It will be evident that 
also the detector pairs 18, 19 and 20, 21 in the X 
and Y directions are displaced relative to each 
other. According to the invention the separating 
strips 22 and 23 are parallel to each other, while 
the apparatus is still satisfactorily corrected for 
wavelength variations of the scanning beam b. 

The invention can be used in any focusing 
error detection system in which a diffraction ele- 
ment is used for separating the beam reflected by 
the information plane and the beam emitted by the 
diode laser and for splitting the reflected beam into 
* a plurality of sub-beams. In practice, two sub- 
beams are mostly used which are formed by 
means of two sub-gratings. Under circumstances it 
may be desirable to use a composite grating hav- 
ing more than two sub-gratings so that more than 
two sub-beams are formed. The measure accord- 
ing to the invention can be taken for each of the 
detector pairs associated with these sub-beams. 
The sub-gratings may be straight grating lines and 
may have a constant grating period. However, pref- 
erably a type of grating, also referred to as holog- 
rams, is used, embodiments of which are shown in 
Figs. 2, 6 and 8. Their sub-gratings have a varying 
grating period, the variation in the period being, for 
example of the order of a few percents of the 
average grating period. Moreover, the grating strips 
of the two sub-gratings are curved, as is shown in 
Figs. 2 t 6 and 8. Thus, these sub-gratings have a 
variable lens action. Due to the varying grating 
period the positions of the radiation spots Vi and 
V 2 can be varied by displacing the grating 9 in its 
own plane. Aberrations in a direction perpendicular 
to the direction of the bounding line 11 can be 
minimized by the curvatures of the grating strips. 



The possibility of moving the positions of the radi- 
ation spots Vt and V2 is particularly important if an 
integrated laser-photodiode unit is used, i.e. a com- 
ponent in which the diode laser and the 

s photodetectors are arranged on one support and 
are therefore fixed relative to each other and thus 
have a fixed mutual distance in the Z direction. 
This distance is subject to manufacturing toleran- 
ces and cannot be corrected during assembly of 

70 the apparatus by displacing the photodiodes rela- 
tive to the laser diode in the Z direction. 

In the embodiments according to Rgs. 6 and 8 
it can be ensured that in spite of the different 
angles at which the sub-beams bi and bz are 

75 diffracted in the YZ plane due to the different 
average grating periods of the sub-gratings 12 and 
13, the foci of the sub-beams are located in one XY 
plane, namely by giving the grating periods and the 
curvatures of the grating strips of corresponding 

20 portions of the sub-gratings a different variation. 

An important advantage of the diffraction grat- 
ing having curved grating strips as compared with 
a grating having straight grating strips is that the 
optical aberrations such as coma and astigmatism, 

25 which may occur when using the last-mentioned 
grating, can be avoided in the first-mentioned grat- 
ing by taking these aberrations into account when 
manufacturing this grating and by adapting the 
curvatures of the grating strips to these aberrations. 

30 The invention has been described for use in a 

read apparatus, but it may alternatively be used in 
a write apparatus or in a combined write-read ap- 
paratus in which during recording the focusing and 
the tracking of the write beam are monitored. The 

35 focus-error detection system described here does 
not utilize special properties of the information sur- 
face 2. It is merely necessary and adequate that 
this surface is reflecting. Therefore, the invention 
may be used in various apparatuses where a very 

40 accurate focusing is required, for example in micro- 
scopes, in which case the tracking error detection 
may be dispensed with. 

45 Claims 

1. An apparatus for optically scanning a 
radiation-reflecting information plane, which appara- 
tus comprises a diode laser supplying a scanning 

so beam, an objective system for focusing the scan- 
ning beam to a scanning spot in the information 
plane and for re-imaging the scanning spot on a 
composite radiation-sensitive detection system, and 
a composite diffraction element arranged in the 

55 radiation path between the diode laser and the 
objective system for deflecting a part of the radi- 
ation beam reflected by the information plane to- 
wards the radiation-sensitive detection system and 



13 



EP0 369 510 A1 



14 



for splitting the deflected beam into a plurality of 
sub-beams constituting a corresponding plurality of 
radiation spots on a corresponding plurality of de- 
tector pairs of the composite detection system, the 
separating strips between two detectors associated 5 
with one detector pair having such an orientation 
that displacements of the re-imaged radiation spots 
resulting from wavelength variations of the scan- 
ning beam do not have any influence on the detec- 
tor signals, characterized in that the separating w 
strips of the detector pairs are in principle parallel 
to a tine which connects the centre of the radiation- 
emitting surface of the diode laser to the centre of 
the composite radiation-sensitive detection system. 

2. An apparatus as claimed in Claim 1, in 75 
which the diffraction element is a diffraction grating 
comprising two sub-gratings, characterized in that 

the sub-gratings have a varying grating period and 
in that the grating strips are curved. 

3. An apparatus as claimed in Claim 1 , 2 or 4, 20 
in which the diffraction element is a diffraction 
grating comprising two sub-gratings, characterized 

in that the two sub-gratings have the same average 
grating period, while the main directions of the 
grating strips of the first sub-grating extend at a 25 
first angle and those of the grating strips of the 
second sub-grating extend at a second, opposite 
angle to the bounding line of the two sub-gratings, 
and in that the detector pairs are juxtaposed in a 
direction transversely of the direction of the said 30 
bounding line. 

4. An apparatus as claimed in Claim 1 or 2, in 
which the diffraction element is a diffraction grating 
comprising two sub-gratings, characterized in that 

the grating strips of the one sub-grating have the 35 
same main direction as those of the other sub- 
grating, in that the average grating periods of the 
sub-gratings are different, in that the detector pairs 
are juxtaposed in a direction parallel to the bound- 
ing line between the sub-gratings and in that the 40 
separating strips of the detector pairs are located 
on the said connection line. 

5. An apparatus as claimed in Claim 1 or 2, in 
which the diffraction element is a diffraction grating 
comprising two sub-gratings, characterized in that 45 
the grating strips of the one sub-grating have the 
same main direction as those of the other sub- 
grating in that the average grating periods of the 
sub-gratings are different, in that the detector pairs 

are juxtaposed in a direction parallel to the bound- so 
ing line between the sub-gratings and in that the 
separating strips of the detector pairs extend at 
equal but opposite angles of the order of 0.1 " to 
the said connection line. 

6. An apparatus as claimed in Claim 1 or 2 t in 55 
which the diffraction element is a diffraction grating 
comprising two sub-gratings, characterized in that 

the main directions of the grating strips of the first 



sub-grating extend at a first angle and those of the 
grating strips of the second sub-grating extend at a 
second, opposite angle to the bounding line be- 
tween the sub-gratings, in that the average grating 
periods of the two sub-gratings are different and in 
that the detector pairs occupy different positions 
both in a direction parallel to and in a direction 
perpendicular to the said bounding line. 



8 



t 



• « 

EP 0 369 510 A1 




1-IL- PHN 12726 



EP 0 369 510 A1 




2-H- PHN 12726 



EP 0 369 510 A1 




FIG. 4 

3-3C-PHN 12726 



EP 0 369 510 A1 




5-H- PHN 12726 



EP 0 369 510 A1 




6-1E-PHN 12726 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 20 2734 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.S ) 



P.Y 



X 
Y 



EP-A-300570 (N.V. PHILIPS GLOEILAMPENFABRIEKEN.) 
* the whole document * 



GB-A-2120493 (N.V. PHILIPS 
GLOEILAMPENFABRIEKEN. ) 

* page 1, Hne 81 - page 2, line 3 * 

* page 3, lines 17 - 102; claims 1, 3; figures 
3, 4 * 



1-4. 6 



G11B7/135 
G11B7/09 



EP-A-228620 (NEC CORPORATION) 
* the whole document * 



EP-A-219908 (N.V. PHILIPS GLOEILAMPENFABRIEKEN.) 
* the whole document * 



1-4, 6 



1-6 



US-A-4733065 (HOSHI ET AL. ) 



TECHNICAL FIELDS 
SEARCHED (Int. CIS ) 



The present search report has been drawn up for all claims 



G11B 



Place of search 

THE HAGUE 



Date of completion of the search 

05 FEBRUARY 1990 



Examiner 

BENFIELO A. D. 



CATEGORY OF CITED DOCUMENTS 



X 
Y 



particularly relevant if taken alone 
particularly relevant If combined with another 
document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited In the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



IMJ4WW CN I042440A 




PI] «PflH» 89108354.5 



[sij into 1 

OUB 7/008 



C43)^F0 1990<$5£ 23 0 



PIMHRB 89.10.31 
P0Ht5fe& 



<tOA flTlStt 



ttt<*H$5Ttt: 14 ; WfflMfi: 6 



iWttttW *W 18. 19 A 20. 21 <&ffl#st69 
22, 23 &&ft tt . M W. tt5cff 9, 20 Mft 




<BJ)ffl4S6-9 



' & H S * * 



1 W$fT#£##£S, 



' itt W * 

* 

^ , m 

, 6 6 5 , 3 1 0AX7&#&SM$JL, fe&ffjg 

■**»;*fi**1ir*4trflF* ) jffff #?ftt&*3#;tt^## 
******* n-*»M«irMMIItt1ir^4ilt9^JIM^ 



^^W««Jit*:^,Jia^j4 6 6 5 , 3 1 0 6>i^l^ 

, 6 6 5 , 3 1 O0ra£#-#; *&'W*8r&&)jt 

9 



: - . 

**B*iN4 , 6 6 5 , 3*1 Otf&fifcfe**, 

fcSMM*£#&tto *»JMfc«#^hSt^4lf 



6 



ttttB ) il#ftttXfe&«&lll , its*******. 

Til IB 

* ■ 



.Tff##WBJt*to**W**W*3feii«, mat: 
ffl 2 ^*^^W^»*^^^fiTlt^#ft^--^ife^Jfi<;^* 

ffl 4 2 tt&£*tttt#*Jt&ai*ft , 



8 



^*NE3b#£#«rfif&E3a. E^3a^tf»lE 

,3&fc#, «fb***-fe^*ft**ft'»AJ?fiH*l. 
iB*«*#p-ft#**4, 4WjMfc6*4tK**U OttttlB*&ftft 



#i»9'fefc#ttl l*i^Hf«rW>K-*WH 2#1 3. ^-jfe^l 2 

*JV*4t2 2*»2 Sfll^t^tAMtll^ilfl 8, 

1 9*»2 0, 2 l##.£#*?-jfe*bi*i»b2te##. f&ii&Smg 

AHULL , ft#***biE*«jll*#A*W 2 

*-5 L ^*bi^b2^jfeAVi^V2«;5S^^, 8, 



10 



1 9*»2 <h 2 lifcifc, ^AJUMslir. dlb«XA«JI^ **Vi 

BP, -4t«#«r««l*i ****tt2 2*»2 3 
+ 0*»-<**!tt, tti£iM*^H2#3+fcH#tfl 8, 19^2 0, 

2mffitt J P-iW#j1t^, MS 3 bifc«#*bttft/fc{MM*ff&W;& 
'*pJMfc*MM 19, 2 0#2 lttfcmi8r-*#fl#Sia, 

SiQ, S20^»S2i^, *P4, #$«£1^Sf#tijT£#ai: 
Sf = ( S18+S21) — ( S19+S20) 

JEHi^«Bl***«#f • bp, fflrAHr^siV *T**lB : 

S I — S 18+ S 19+ S 20+ S 21 • 

* * 

12^13 1 1 f ft^«lBM 3 #7#iSj , 

Alb : 

Sr- ( S18+S19) — ( S20+ S21 ) 

ft************ W,-JlH9W*b*ir^w^flr*ff 2<" 



11 



aS#Xttt#-fc 2 2*»2 3&£tt. 0&, £±i£&i&#] t t% 
&&2 2#»2 3W^M^04:l?l«;^filW3t#«jA&+^*' 

**^«»ft^IT#i*f **»4«.*A« C XY ) 

4L,"j9fafcj£-fetttfeik#3lli^AO. 
■»tf*Wtt4fc«Mr*f tt*J5f*IB«»***4fetf 

ft*h 1 8, 1 9 i 2 0. 2 lt#4**M*2 2, 

m 



12 



tt**HjlkW»f*^aH»l 0*B#fTI*ft«#**;Mfcl8. 

91 #1 0ft¥W*;ft ( &Vi*ffV2*.fSJft#i&#, 3to*fe4»jt*5»i|lf 

4lfflftlErt. ?S>Mfel!Ml8, 1 9*02*0. 2 1W#ftttXttl|i 

*1 0*iftftT*iT«4h». 

*Tft*»*'fr****r #Ji*Wftfc»#***Hft/'ii'. 

» * 

Sft*tt***£#j#ft«r#. -^rW, #T#Jtf&£^&M#l Oft 



13 



t**» 4 t^f^^XY Z 4 ft A« Yd*» 

^^%#*^-^#±, Yd** 
ZdttsfcfMfcSjRfJ. ft#i£i»X*Y*M£#;»9 , #<fcfc&Z 

#1 2#1 3#, ft 1 

b 2& Y Z b lttfttf ft. it^iff* 

*AVi*iVa4*«|#*XY¥If±»Y^rifttt*#^#ffr. 



14 



m 2 tt£*tt4t*ttt 6 7 ttCT*. '^»Ji, 6f@6 *>7 # 

' » 

^Vi^VaifeX^YW^ftJitkjIk*^^ JIM, & 
H#*U8. 19^20, 2 i-fe^X^Y^r^Ji^jlbW#^o ft 

^**tt2 2*>2 SAftW, AW&Sfeft£«ff** 
b»«**ft^rW#«4Aii(l#**jE. • 



15 



16 



17 



V 





i 



4rt ,. ♦ 

* 

t) * r 




» 




II 

22 



